The cell apoptosis susceptibility (CAS) gene is a homolog of the yeast chromosome segregation (CSE1) gene, which functions in cell proliferation and apoptosis. In the present study, a homolog of CAS was cloned from Chinese shrimp Fenneropenaeus chinensis (FcCAS). The full-length FcCAS cDNA is 3534 bp and contains an open reading frame encoding 968 amino acids. The predicted tertiary FcCAS structure is highly similar to that of CSE1 from the yeast Saccharomyces cerevisiae. RT-PCR analysis showed that the FcCAS gene is expressed mainly in testis, ovary, stomach, lymphoid organs, gills, and hemocytes. RNA in situ hybridization showed that FcCAS transcripts were distributed mainly in the cytoplasm of oocytes. Western blot analysis showed that FcCAS could be detected only in testis and ovary, and its expression levels differed at different developmental stages of ovaries. Immunohistochemical analysis showed that FcCAS existed in both the cytoplasm and the nucleus, which suggested that FcCAS might function as a nuclear protein. No transcript was detected in the abnormally developed ovaries of triploid shrimp. Therefore, we inferred that the FcCAS gene might be one of the key genes that is closely related to ovary development in shrimp.
INTRODUCTION
Reproductive manipulation is very important for breeding aquatic animals. Shrimp aquaculture is one key part in aquaculture worldwide. Studies of reproductive development mechanisms of shrimp are helpful for making reproductive manipulations in order to increase seed quality and make genetic improvements more efficient. Hormone regulations of reproductive development through the eyestalk in shrimp have already been reported, and eyestalk ablation has been widely used to increase development of the ovary [1] [2] [3] . Recently, more molecules related to ovary development, such as vitellogenin, proliferating cell nuclear antigen, and vasa-like gene, among others, were reported in shrimp [4] [5] [6] [7] . The use of RNA-arbitrarily primed PCR [8] , the expressed sequence tag (EST) approach [9] , and the suppression subtractive hybridization (SSH) technique [10] have identified ovary development and maturation genes that provide important information for understanding the molecular mechanism of ovary development in penaeid shrimp.
Our previous studies showed that ovary development was apparently retarded and that a few developed oocytes showed uncondensed nucleoli in the triploid Chinese shrimp Fenneropenaeus chinensis [11] [12] [13] . In order to know which genes are differentially expressed in the ovaries of triploid and diploid shrimp, an SSH approach was used. The high expression of cellular apoptosis susceptibility (CAS) protein in the diploid shrimp ovary in comparison with that in the triploid shrimp ovary suggested that CAS might play very important roles in the ovary development of shrimp [10] . The CAS gene is a homolog of the yeast Saccharomyces cerevisiae chromosome segregation (CSE) gene, which functions in cell proliferation and apoptosis [14] [15] [16] [17] [18] [19] . Human CAS is implicated not only in nuclear-to-cytoplasmic reshuffling of importin a, which is necessary for nuclear transport of several proliferationactivating proteins (i.e., transcription factors) but also in apoptosis induced by ADP-ribosylating toxins and tumor necrosis factor [17, 20, 21] . Recent reports have shown high CAS expression levels in a variety of cancers and a relationship to the invasion and metastasis of cancer cells [22, 23] . In aquatic animals, CAS gene functions in the regulation of nonspecific cytotoxic cells was reported in tilapia (Oreochromis niloticus). CAS mRNA showed high expression levels in kidney and spleen and was up-regulated in nonspecific cytotoxic cells in response to apoptosis regulatory factors [24, 25] . However, in Crustacean, there is no information about the CAS gene. In the present study, an F. chinensis CAS homolog (FcCAS) was cloned from the penaeid shrimp F. chinensis, and CAS expression in the ovaries of these shrimp was analyzed. These data can help us to understand the CAS function in invertebrates.
MATERIALS AND METHODS

Animals and Sample Collection
Healthy Chinese shrimp (F. chinensis) with an average body length of 14.5 6 0.6 cm were collected from a local shrimp farm near Qingdao. The shrimp were acclimated in aerated seawater for 5-7 days in the laboratory. Six individual shrimp were randomly selected for tissue preparation for diploid shrimp. Hemolymph was withdrawn from the ventral sinus located at the first abdominal segment, using an equal volume of modified Alsever solution anticoagulant [26] , and subsequently centrifuged for 10 min at 800 3 g at 48C. Hemocyte pellets were immediately used for RNA extraction. After hemolymph was collected, different tissues including hepatopancreas, heart, gill, stomach, intestine, lymphoid (Oka) organ, nerve, eyestalk, muscle, testis, and ovary were dissected and immediately preserved in liquid nitrogen for later RNA extraction, used for tissue distribution analysis.
Both the diploid and triploid Chinese shrimp (F. chinensis) used for comparing diploid and triploid ovaries were full siblings. Triploid shrimp were produced by heat shock treatment of fertilized eggs, performed as reported by Li et al. [12] . Triploid and diploid shrimp siblings were raised separately under identical conditions in the aquarium at our institute. Ovaries were dissected from diploid and triploid shrimp in October 2006 and preserved in liquid nitrogen for later RNA extraction. At the same time, ovaries were taken from diploid and triploid shrimp and cut into 5-3 5-mm pieces and fixed immediately in fresh RNA-friendly fixative [27] for 24 h at 48C for RNA in situ hybridization or immunohistochemical detection.
RNA Extraction and cDNA Synthesis
Total RNA was extracted from shrimp ovaries with Unizol reagent (BioStar, Shanghai, China) as described in the manufacturer's protocol. RNA quality was assessed by electrophoresis on 1.2% agarose gels. Total RNA was treated with RQ1 RNase-Free DNase (Promega, Madison, WI) to remove contaminating DNA from total RNA, and cDNA was synthesized from 2 lg of total RNA by Moloney murine leukemia virus (M-MLV) reverse transcriptase (Promega), using an AOLP primer, 5 0 -GGCCACGCGTCGACTAGTAC(T) 16 (A/ C/G)-3 0 , as described in the manufacturer's protocol. For 5 0 rapid amplification of cDNA ends (RACE), first-strand cDNA was synthesized using a hexamer primer (NNN NNN; Sangon, Shanghai, China), analyzed using 1.2% agarose gels, and then extracted with QIA quick gel extraction kit (Tiangen, Beijing, China). Purified first-strand cDNA was added homopolymer dCTP tail to the 5 0 end by terminal deoxynucleotidyl transferase (Takara, Dalian, China) as described in the manufacturer's protocol.
Cloning and Sequencing of Full-Length cDNA
A partial cDNA sequence of FcCAS was obtained from the SSH library of ovaries between diploid and triploid shrimp [10] . A pair of primers, CAS-F1 (5 0 -TCTGGTCATCAAAACCG-TCTGT-3 0 ) and CAS-R1 (5 0 -TGTAGGT CAGGCACAATCAGTC-3 0 ), were designed to verify the sequence. PCR amplification was performed using cDNA from shrimp ovaries as the template, as follows: 1 cycle at 948C for 4 min; 35 cycles, including denaturation, at 948C for 40 sec; annealing at 558C for 40 sec; extension at 728C for 40 sec; and 1 cycle at 728C for 10 min. PCR products were isolated on 1.2% agarose gels, purified by using a PCR purification kit (Promega), and sequenced.
For 3 0 end RACE, the PCR reaction was performed with the gene-specific CAS-F1 primer and an adapter primer, AOLP (5 0 -GGCCACGCGTCGAC TAGTAC-3 0 ), and then seminested PCR was carried out with another specific primer, CAS-F2 (5 0 -TGCCAACATTCAGGAGGACGC-3 0 ), and AOLP. The first-round touch-down PCR reaction sequence was as follows: initial denaturation (948C, 4 min) for the first 10 cycles; annealing at 688C for 1 min; extension at 728C for 1.5 min, reduced temperature at the rate of 18C per cycle; then annealing at 588C for 1 min, extension at 728C for 1 min for the last 25 cycles; and finally extension at 728C for 10 min. For the second-round PCR, the PCR amplification condition was the same as described above, but the annealing temperature was 608C. PCR products were purified and sequenced. For 5 0 RACE, gene-specific primers CAS-R2 (5 0 -CTGGCATTACTAAG AAAGGCAAC-3 0 ) and CAS-R3 (5 0 -TCAAACTCTCCTACAGCACCATC CACAG-3 0 ) combined with a poly(G)-tailed primer were used. The PCR amplification condition was the same as that described for 3 0 RACE, but the annealing temperature was 558C. Because the first seminested PCR did not obtain the full-length of the 5 0 end of FcCAS cDNA, a second seminested PCR reaction was performed, with primers CAS-R4 (5 0 -CCTTCAGGGCATCTC CATCGTTG-3 0 ) and CAS-R5 (5 0 -GGGT-AAGTAGCAACACGGGGTAGT -3 0 ) combined with the poly(G)-tailed primer. The PCR amplification condition was the same as that described above, but the annealing temperature was 598C. PCR products were gel purified and sequenced. The full-length sequence was confirmed by five pairs of primers ( Table 1 ). The reaction condition was the same as that described above, but ExTaq polymerase (0.6 U) was used instead of normal Taq DNA polymerase. All amplified products were purified using a DNA purification kit (BB&T, Shanghai, China) cloned into pMD19-T vector (TAKARA, Dalian, China) and transformed into TOP10-competent cells for sequencing.
Sequence Analysis
The coding sequence within the full-length cDNA was analyzed for its identity and similarity with other known CAS/CSE1 sequences derived from National Center for Biotechnology Information GenBank database and Reference Sequence (RefSeq) database, using BLAST X analysis. The amino acid (aa) sequence for FcCAS was deduced using ExPASy software (http:// www.expasy.org/). The molecular weight of the protein was calculated based upon its aa constituency, using the Compute pI/Mw software tool (http://www. expasy.org/tools/pi_tool.html). Multiple sequence alignments were performed with aa sequences of known CAS/CSE1 or exportin-2 molecules, using ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/). The functional domain was detected using ScanProsite software (http://www.expasy.ch/tools/ scanprosite/). Three-dimensional structures of FcCAS (1-960 aa), S. cerevisiae CSE1 (1-958 aa), and Ciona intestinalis CAS (1-955 aa) were predicted using SWISS-MODEL (http://swissmodel.expasy.org/).
Recombination Expression and Purification of the FcCAS Fusion Protein
A pair of gene-specific primers (forward, 5
0 -GTGGGATCCGTTGT GAAATTATTTGAGTG-3 0 ; and reverse, 5 0 -CCTGTCGACTTATGCCAG ACTGCATCCT-3 0 ) containing BamHI and SalI restriction sites were used to amplify the cDNA fragment for recombination expression. Amplified PCR products were purified and ligated to pGEX-4T-1 by using a glutathione Stransferase (GST) tag on it to get a recombinant plasmid, pGEX-4T-1-CAS, and a blank plasmid, pGEX-4T-1, was used as control. Plasmids pGEX-4T-1-CAS and pGEX-4T-1 were transformed into Escherichia coli BL21(DE3) plysS cells. Expression of the fusion protein was induced by 1 mM isopropyl b-D-1-thiogalactopyranoside (IPTG) for 3 h at 378C. The fusion protein was purified by using a MagneGST protein purification system (Amersham Biosciences AB, Uppsala, Sweden) according to the manufacturer's protocol. Concentration of the GST fusion protein was tested by the Bradford method.
Preparation of the Polyclonal Antibody
The purified recombinant FcCAS protein product was used for preparing polyclonal antibodies in mice. Mice were first immunized subcutaneously with 40 lg of recombinant protein in Freund complete adjuvant. Two booster injections were given, with 40 lg of recombinant protein each in incomplete Freund adjuvant, at 3-wk intervals, and antiserum was collected from eyes on the third day after the last boost. The mouse immunoglobulin G (IgG) fraction was precipitated from immune serum by protein A following the manufacturer's manual (Solarbio, Beijing, China). Purified antibody was stored in aliquots at À208C.
Expression of FcCAS mRNA
Distribution of FcCAS mRNA in different tissues detected by RT-PCR. Semiquantitative RT-PCR was employed to study FcCAS expression in various tissues of pond-cultured shrimp, including testis, ovary, hemocytes, gills, intestines, hepatopancreas, muscle, stomach, heart, lymphoid organ, eyestalk, and nerve. Total RNA was extracted from different shrimp tissues as mentioned above, and a 618-bp FcCAS fragment was amplified by RT-PCR using the gene-specific primers CAS-F1 and CAS-R1. PCR conditions were 948C for 4 min, 948C for 40 sec, 558C for 40 sec, and 728C for 40 sec, for 35 cycles, and a TABLE 1. Sequences and annealing temperature of primers used in confirmation of full-length cDNA of FcCAS.
Name
Sequence Annealing temperature
10-min extension at 728C. 18S rRNA, amplified using primers 18S rRNA-F (5 0 -AGCGGATAACAATTTCACACAGG-3 0 ) and 18S rRNA-R (5 0 -CGCCAGGGTTTTCCCAGTCACGAC-3 0 ), was used as an internal gene standard. PCR conditions were 948C for 4 min; then 948C for 20 sec, 648C for 20 sec, and 728C for 20 sec, for 26 cycles; and finally 10 min extension at 728C. PCR products were analyzed on 2% agarose gels stained with ethidium bromide and visualized under ultraviolet light.
Level of FcCAS mRNA expression in ovaries of triploid and diploid shrimp. FcCAS mRNA expression levels in ovaries of triploid and diploid shrimp were detected by RT-PCR. Total RNA was extracted from ovaries of triploid and diploid shrimp, and a 618-bp FcCAS fragment was amplified by RT-PCR using the gene-specific primers CAS-F1 and CAS-R1. 18S rRNA was used as internal gene standard. PCR conditions and PCR product detection were the same as those described above (see Distribution of FcCAS mRNA in different tissues detected by RT-PCR).
Localization of FcCAS mRNA in the Ovary of Diploid Shrimp
Riboprobe preparation. A pGEM-T Easy (Promega) plasmid containing a 636-nucleotide (nt) region of FcCAS cDNA (nt 93-728) was used as the template for the preparation of probes. This region contained a sequence encoding the importin-b conserved domain. Digoxigenin (DIG)-labeled sense and antisense riboprobes were generated from linearized plasmids (0.5 lg) by using SP6 and T7 reverse transcriptase, following the protocol of the DIG RNA labeling kit (Roche, Basel, Switzerland).
In situ hybridization. After fixed tissue samples were serially dehydrated, they were embedded in paraffin (Sigma). Paraffin-embedded tissues were sectioned at 7-lm thickness, deparaffinized, and hydrated in diethyl pyrocarbonate-treated water. Prehybridization, hybridization, and posthybridization were performed by following the general protocol of the DIG RNA labeling kit (product no. SP6/T7; Roche). The final concentration was 1 ng/ll for either antisense or sense RNA probe for hybridization. Signals were detected by an enzyme-linked immunoassay as described in the manufacturer's manual (DIG nucleic acid detection kit; Roche). Slides were observed under a microscope (80i model; Nikon, Tokyo, Japan) equipped with a cooled chargecoupled device camera.
Expression of FcCAS Protein
Distribution of FcCAS in different tissues. Western blotting was employed to study FcCAS expression in various tissues of pond-cultured shrimp, including ovary, testis, hemocytes, hepatopancreas, gill, stomach, and lymphoid organs. In order to compare FcCAS expression in ovaries at different developmental stages, stage II ovaries (at pre-vitellogenic stage) and stage VI ovaries (at postovulation stage) were used to detect the protein level. Mouse anti-CAS polyclonal antibody was detected by Western blotting. Total proteins were extracted from different tissues and analyzed by 8% SDS-PAGE. Separated proteins in the gels were electrophoretically transferred onto polyvinylidene fluoride (PVDF) membranes at 250 mA for 90 min. PVDF membranes were incubated in 2.5% milk with 0.05% Tween-20 overnight at 48C. The membrane was incubated with 1 ll of mouse anti-CAS antibodies per ml of PBS-T for 4 h. After the membrane was washed with PBS-T, the strip was incubated with goat anti-mouse IgG-horseradish peroxidase (HRP) for 1 h at room temperature. Bound antibodies were detected using Pro-light horseradish peroxidase chemiluminescence detection assay kit (Tiangen, Beijing, China) according to the manufacture's instructions. Photosensitive film (Fuji, Tokyo, Japan) was used to record the signal, which was obtained by using a Umax Powerlook model 1120 scanner.
Localization of FcCAS in ovary of diploid and triploid shrimp. The procedure for preparing slides of diploid and triploid shrimp ovaries was the same as that described above (see Localization of FcCAS mRNA in the Ovary of Diploid Shrimp). Slides were deparaffinized in xylene twice for 5 min each and rehydrated through an ethanol series. Samples were then equilibrated by incubation in PBS (pH 7.4) for at least 1 h and blocked in a mixture of 1% BSA, 1% normal goat serum, and 0.1% TritonX-100 for 1 h at room temperature. After excess blocking serum was removed by blotting, slides were incubated in anti-FcCAS antibody (1:100 dilution in Tris-buffered saline) overnight at 48C. Slides for negative control were incubated in preimmune mouse serum. After overnight incubation, sections were washed in a large volume of PBS with gentle agitation and incubated in an alkaline phosphataseconjugated goat anti-mouse IgG solution for 30 min at room temperature. After unbound secondary antibody was removed by washing, the slides were further incubated in 0.1 M Tris-HCl buffer (pH 9.5) containing 1% levamisole solution and 0.1% Tween-20 for 10 min at room temperature. After the slides were washed, they were incubated in 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium (BCIP/NBT) alkaline phosphatase substrate solution (Roche) for color development. The development of signal was terminated by rinsing the slides in 0.1 M Tris-HCl with 1 mM EDTA (pH 8).
RESULTS
cDNA Cloning and Sequence Analysis of FcCAS
Using specific amplification by the primers CAS-F1 and CAS-R1, we obtained a 618-bp fragment. By using 5 0 RACE and 3 0 RACE, we obtained a fragment with a length of 2 kb and a fragment of 1 kb. Through sequencing and alignment, we obtained and confirmed the full-length FcCAS cDNA sequence. The full-length FcCAS cDNA was 3534 bp long (GenBank ID, EU815058) and contained a 2907-bp open reading frame, which encoded 968 aa (Fig. 1a) . The 5 0 untranslated region (UTR) was 100 bp, and the 3 0 UTR was 527 bp with a terminal codon, TAA, two canonical polyadenylation signal sequences (AATAAA), and a poly(A) tail. The predicted molecular mass of the deduced FcCAS aa sequence was 109 kDa, and its theoretical pI was 5.26. Analysis of the aa sequence showed that FcCAS did not contain any signal peptide. The N terminus of FcCAS had a conserved importin-b structural domain, which was the binding site of the RanGTP when analyzed by ScanProsite software 
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Article 7 (Fig. 1b) . The predicted three-dimensional structure of FcCAS was highly similar to that of CSE1 from S. cerevisiae and CAS from C. intestinalis (Fig. 2) .
Homology Analysis of FcCAS
BLAST P analysis of the FcCAS gene is shown in Table 2 . The deduced FcCAS aa sequence showed 50% identity with CAS from C. intestinalis (RefSeq accession no. XP_002130634.1) and Ornithorhynchus anatinus (RefSeq accession no. XP_001506734.1); 49% identity with exportin-2 from Danio rerio (RefSeq accession no. NP_958858.1) and that from Homo sapiens (RefSeq accession no. NP_001307.2) and the Apis mellifera CSE1-like gene (RefSeq accession no. XP_395332.2); 46% identity with the Drosophila melanogaster CAS/CSE1 genes (RefSeq accession no. NP_523588.2); and 32% identity with the S. cerevisiae CSE1 gene (RefSeq accession no. AAA34531.1). Alignment of the conserved importin-b domain of FcCAS with that of other species (Fig. 3) showed high conservation in this domain.
Production of Recombinant Proteins
A high level of expression of recombinant protein was obtained after induction for 3 h with 1 mM IPTG (Fig. 4) . The concentration of the purified recombinant protein was 4 mg/ml.
Distribution of FcCAS mRNA and protein in different tissues. RT-PCR analysis showed that the FcCAS gene had different expression levels in different shrimp tissues. In diploid shrimp, high FcCAS expression levels were detected in testis, ovary, stomach, lymphoid organ, gill, and hemocytes; very weak expression levels were detected in intestine; but no expression was evident in muscle, nerve, hepatopancreas, heart, and eyestalk (Fig. 5a ). However, there was no expression in the ovaries of triploid shrimp (Fig. 5b) .
Western blot analysis showed that FcCAS (approximately 100 kDa) could be detected in ovaries and testis, but no positive signals were observed in stomach, gill, hemocytes, lymphoid organ, or hepatopancreas (Fig. 5c ). Different expression levels were detected in ovaries at different developmental stages; for example, high expression was detected in stage II ovaries (at pre-vitellogenic stage), and no expression was detected in stage VI ovaries (at postovulation stage) in diploid shrimp (Fig. 5d) .
Localization of FcCAS mRNA and Protein in the Ovary of Triploid and Diploid Shrimp
Positive signals of FcCAS mRNA were detected in the ovaries of diploid shrimp but not in those of triploid shrimp by using in situ hybridization. FcCAS mRNA was located mainly in the cytoplasm of oocytes, and stronger signals were observed there (Fig. 6a) , whereas no signals were observed in those of controls (Fig. 6b) . Immunohistochemical analysis showed that FcCAS was located in both the cytoplasm and the nucleus of diploid shrimp ovaries, and strong signals were distributed in nucleoli around the nuclear membrane (Fig. 6, c  and d ), while FcCAS protein showed a very weak signal in the cells of triploid shrimp ovaries (Fig. 6, e and f) .
DISCUSSION
Full-length FcCAS cDNA cloned from Chinese shrimp contains a protein-encoding region of 968 aa, which was very similar in length to the 960-aa CSE1 region in yeast [14] and the 971-aa CAS region in humans [15] . Analysis of the deduced FcCAS aa sequence using ScanProsite showed that FcCAS contains a typical importin-b N-terminal domain, which was specific to the importin b family; therefore, we guess that FcCAS might be a member of the importin-b family. Further analysis with SWISS-MODEL showed that the predicted tertiary structure of FcCAS was very similar to that of yeast CSE1 as reported by Cook et al. [28] , which showed that FcCAS might have functions similar to those of yeast CSE1. CSE1 and CSE2 were regarded as important factors for accurate mitotic chromosome segregation in the yeast S. cerevisiae [14] . In humans, the CAS homolog of CSE1, associated with microtubules and mitotic spindle, played important roles in cell division as well as in ciliary movement and vesicular transport [29] . High FcCAS expression at transcription and translation levels in ovaries and testes of shrimp might be related to its function in cell proliferation because cell division activity was very active in these two tissues. When we analyzed FcCAS expression, the FcCAS transcript was also detected in stomach, lymphoid organ, gill, and hemocytes in addition to ovaries and testes. CAS AND OVARY DEVELOPMENT IN SHRIMP tissues might be caused by differences in the sensitivities of these two approaches. In order to determine the localization of FcCAS transcripts in the ovary, RNA in situ hybridization was used to study its expression. Results showed that FcCAS transcripts were located mainly in the cytoplasm of oocytes. Immunohistochemical analysis showed that FcCAS exists in both the cytoplasm and the nucleus, which was consistent with the function of CAS as a transport protein between nucleus and cytoplasm. CAS can freely shuttle between the nucleus and cytoplasm as an insoluble protein through its interaction with NPC [21] . Many proteins associated with cell apoptosis and cell cycle regulation enter the nucleus through the importin-a pathway; therefore, as a nuclear transport factor, CAS plays important roles in proliferation and apoptosis [19] . Recent reports have shown that CAS regulated apoptosis by affecting target genes in the P53 pathway [30, 31] .
Our previous report [10] and present study show that FcCAS expression level was high in the diploid shrimp ovary but that no expression was detected in the triploid shrimp ovary at the same growth stage. Because the developmental state of the triploid shrimp ovary was quite different from that of the diploid shrimp ovary, high FcCAS expression in the diploid shrimp ovary might be related to the normal development of the ovary compared with the retarded development of the triploid shrimp ovary. The absence of CAS can cause nuclearcytoplasmic imbalance of importin-a and importin-a detention in the nucleus [21, [32] [33] [34] [35] . Lack of FcCAS expression might affect the transport between nucleus and cytoplasm so that the normal proliferation and development of reproductive cells was blocked in the triploid shrimp ovary. Therefore, further work needs to be done to show whether FcCAS overexpression has some effect on shrimp ovary development. The data might help us to understand the molecular regulation mechanism of ovary development in shrimp and furthermore provide instructions for shrimp nursery endeavors in aquaculture.
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